We purified purple acid phosphatase (PAPase) from kidney bean (Phaseolus vulgaris L. Ohfuku) seeds, a Japanese cultivar of the kidney bean. The molecular mass of the purified native enzyme was estimated approximately 110kDa by gel filtration. Following SDS-PAGE in the presence of 2-mercaptoethanol, glycosylated polypeptides of major 61kDa and minor 59kDa were observed. The N-terminal amino acid sequences for both bands were determined to be GKSSNFVRKTNKNRDMPLDS, suggesting they were two different subunits with the same N-terminal but probably different C-terminal or degree of glycosylation.
INTRODUCTION
Purple acid phosphatase (PAPase, EC 3.1.3.2) catalyzes the hydrolysis of a wide variety of phosphoric monoesters and anhydrides in vitro, and its purple color is due to Fe (III)-phenolate charge transfer transitions.1) Many plant PAPases have been isolated and purified from various kinds of plant tissues. [2] [3] [4] [5] [6] These studies demonstrated the presence of multiple PAPases forms in plants, which varied in size and other properties, making their cellular roles difficult to be defined.7) The difficulty in classifying plant PAPase is further compounded by a lack of available sequence information.
Red kidney bean (RKB) PAPase was first characterized by Beck et al.8) and it consisted two subunits of about 60kDa, each containing one zinc and one iron atom. Further, Klabunde et al.9 ) determined the complete amino acid sequence (432 residues) of the purified PAPase from RKB seeds by mass spectrometry and Edman sequencing methods.
Recently, the complete nucleotide sequence of mRNA for RKB PAPase was disclosed on GenBank databases (Accession No. AJ001270).
In this study, we determined the N-terminal amino acid sequences of purified PAPase and a partial nucleotide sequence of the PAPase genome from the Ohfuku kidney bean seed. We found that the mature city of Agriculture. The enzyme solution was precipitated with ammonium sulfate fractionation between 35 and 54% saturation, adjusted to pH 8.6. The purple precipitate was suspended in 100ml of 0.5M NaCl and then dialyzed against 0.25M NaCl. The purple precipitate formed in g for 1h), and dissolved in 100ml of 20mM Tris-HCl (pH 7.5) containing 0.5M NaCl.
The purple solution was loaded onto a column of Con Tris-HCl (pH 7.5) containing 0.5M NaCl. After the column was washed to remove unbound materials, a purple band was eluted at a gradient from 0 to 0.5M D (+) mannose in the equilibration buffer. The fractions having enzyme activity were collected and concentrated to a minimum volume using a membrane filter PM30 to remove the mannose from the solution. SDS-PAGE SDS-PAGE was performed as described by Laemmli10) using a 7.5% polyacrylamide gel. Protein samples containing 10mM Tris-HCl (pH 6.8), 1% SDS, 1% 2-mercaptoethanol and 20% glycerol were treated in a boiling water bath for 5min. Electrophoresis was performed with RAPIDAS mini slab gel electrophoresis apparatus (ATTO, Tokyo). After electrophoresis, the gels were stained with 0.25% CBB R-250 and then destained. The molecular weight standards were phosphorylase b (94kDa), bovine serum albumin (67kDa), egg ovalbumin (43kDa), carbonic anhydrase (30kDa), (14.4kDa). Glycoprotein staining of the gels was performed using a periodic acid-Schiff staining protocol.11) Gel filtration column chromatography
The purified enzyme preparation was applied to a Superdex 200 HR 10/30 column equilibrated with 20mM Tris-HCl (pH 7.5) containing 0.5M NaCl. The molecular weight standards were thyroglobulin (669kDa), ferritin (440kDa), aldolase (158kDa), bovine serum albumin (67kDa) and ribonuclease A (13.7kDa) N-terminal amino acid sequence analysis The N-terminal amino acid sequences of the PAPase were determined using the direct protein microsequencing method described previously.12) The subunits of PAPase were separated from the parent molecule by SDS-PAGE on a 7.5% polyacrylamide gel in the presence of 2-mercaptoethanol and then electroblotted onto a PVDF membrane with a transfer buffer in a semidry blotting apparatus (Nippon Eido, Tokyo). After the PVDF membrane was stained briefly with CBB R-250, the stained bands corresponding to each subunit were cut out. The N-terminal amino acid sequences for each subunit were determined using a pulsed-liquid phase protein sequencer (Model 477A, Applied Biosystems, USA) equipped with an on-line PTH-amino acid analyzer (Model 120A, Applied Biosystems, USA). Partial nucleotide sequence of the PAPase gene Total genomic DNA was extracted from the kidney bean dry seed fine meal (100mg) using the benzylchloride method13) (ISOPLANT DNA extraction kit, Nippon Gene, Osaka), according to the manufacturer's instructions. The DNA was further purified using the procedure reported by Marmur.14)
The primer pair to amplify the region containing the N-terminal region of the PAPase gene was designed based on the cDNA nucleotide sequence of the RKB PAPase (accession No. AJ001270) from the GenBank database.
The sequences of primers were MO-1; 5'-acttggatcagtagaatcacag-3'
(location at 91-112) for the forward and MO-2; 5'-gtgtgatgaataaacccagatg-3' (location at 453-474) for the reverse, and the MO-1/2 primer pair yielded a 711-bp amplified product. An additional primer for sequencing was designed based on the nucleotide sequence of the intron region: MO-4; 5'-tcaactctagtgtaagtcctc-3'.
A polymerase chain reaction (PCR) was performed in was used for prediction of signal peptides.
RESULTS AND DISCUSSION
Kidney bean PAPase was purified to near homogeneity by Con A Sepharose column chromatography. PAPase activity was retained on the Con A Sepharose column, and most of the activity was eluted with 0.2M mannose, indicating that PAPase may be a glycoprotein. Gel filtration on a Superdex 200 HR column chromatography of the final preparation identified the native form of the PAPase protein of approximately 110kDa, as shown in Fig. 1 .
SDS-PAGE of the purified enzyme preparation in the presence of 2-mercaptoethanol showed two bands, a major 61-kDa and a minor 59-kDa, of different molecular mass. Both bands on the gel were stained with a periodic acid-Schiff reagent, strongly suggested that they were glycosylated. The concentration of 61-kDa band was much dominant than 59-kDa band, as judged by CBB staining intensity. However, previous work by Beck et al.8) indicated that the molecular weight of RKB PAPase was 141,000 by gel filtration and 55,000 by SDS-PAGE and suggested that RKB PAPase was a dimer of identical subunits.
Klabunde et al.9) also reported that RKB PAPase from two identical highly glycosylated subunits made a disulfide bridge with Cys 345 and that the calculated monomeric mass of the peptide core with 432 residues was 50236 Da. Recently, the amino acid sequence deduced from the complete nucleotide sequence of the RKB PAPase gene mRNA from a database predicted a 52853-Da precursor protein (459 residues). Similar heterogenous subunit structures in plant PAPases were observed in previous reports in which the sunflower seed PAPase was cleaved into 56-and 52-kDa subunits,5) and sycamore seed PAPase was cleaved into 59-and 35-kDa subunits. 16) In this study, the N-terminal amino acid sequences (20 residues) of the two protein bands, major 61 and minor 59kDa, were determined as GKSSNFVRKTNKNRDM-PLDS for both bands (Fig. 2) . This implies that there are two subunit forms with identical N-terminal amino acid sequences, but probably different degrees of glycosylation or amino acids excision in C-terminal Electrophoresis was performed on a 7.5% polyacrylamide gel in the presence of 2-mercaptoethanol. The proteins were electroblotted onto a PVDF membrane, and the N-terminal amino acid sequences for each band of the enzyme were sequenced. The amino acid residues determined are shown by the single-letter cord. region in the native enzyme.
This suggested that purified Ohfuku PAPase existed as a mixture of at least three dimeric forms, a homodimer of 61-kDa subunit, a homodimer of 59-kDa subunit and a heterodimer of 61-and 59-kDa subunits.
A partial nucleotide sequence of the kidney bean Ohfuku PAPase gene from genomic DNA was determined. To amplify the nucleotide sequence covering up to approximately 100 amino acid residues from the N-terminal, an MO-1/2 primer pair was designed, based on the nucleotide sequence of RKB PAPase mRNA. The resulting 711-bp PCR product yielding was directly sequenced using a cycle sequencing method with the internal primer MO-4 combined with primers MO-1 and -2. The nucleotide sequence determined contained a partial first exon (180-bp), a first intron (327-bp) and a partial second exon (160-bp).
The amino acid sequence (107 residues) deduced from the coding region determined from the combined exons 1 and 2 was identical to that of the RKB mRNA, except for only one amino acid residue difference at Arg 95 in RKB and Lys 95 in our data. This suggests that gene cording for Ohfuku enzyme is closely related to that of RKB enzyme.
Comparing it with the deduced amino acid sequence from genomic nucleotide sequence as shown in Table 1 , the purified PAPase was demonstrated to be derived through the deletion of 22 amino acid residues from the N-terminal of the PAPase gene product, as evidenced by its N-terminal amino acid sequence of the enzyme. This indicates clearly that a specific cleavage occurs on the PAPase precursor protein between Gly 22 and Gly 23 due to a certain cellular protease after translation.
The deduced amino acid sequence of the PAPase gene was analyzed using the SignalP (ver. 2.0) program.14) As shown in Fig. 3 , the result predicted that the Nterminal region of the precursor protein would reveal characteristics of a signal peptide with a probable cleavage site between Gly 22 and Gly 23. This prediction is in agreement with the results of the N-terminal amino acid sequences of our PAPase subunits (Fig. 2) . We concluded that the Ohfuku PAPase contained an N-terminal extension of 22 amino acid residues relative to the mature PAPase protein, with the characteristics of a signal peptide.
The signal peptide processing site predicted by statistical analysis corresponded precisely to our enzyme determined by N-terminal amino acid sequence analysis. On the other hand, Klabunde et al.9) reported that the N-terminal amino acid residue of the RKB enzyme was Phe 28, in spite of that RKB enzyme is very similar or identical to the Ohfuku PAPase based on nucleotide information.
Considering that our enzyme was intrinsically same to the RKB enzyme, it is likely that the N-terminal of RKB enzyme forms by further modification in the tissue or during preparation with certain protease(s) after processing at between Gly 22 and Gly 23 by specific signal peptidase. According to the Amino acid residue position in precursor cleavage specificity, it seems that an endogenous thermolysin-like protease17) is responsible for the cleavage at Phe 28 of the RKB PAPase. When period of extraction as the first purification step was changed from 2 to 24h, a very small amount of the N-terminal sequence beginning with Phe 28 could be found in chromatograms of protein sequencing for the bands on SDS-PAGE (data not shown). Thus, the new Nterminus produced during longer period of extraction step seemed to depend upon the properties of the responsible protease(s) in the kidney beans. Likewise, similar discrepancies in N-terminal of PAPases from the SignalP prediction were observed in some purified preparations, soybean,18) tomato19) and sweet potato.20)
The differences in processed N-terminus and the subunit structure observed between Ohfuku and RKB enzymes might be attributed to the strain of kidney beans employed. Further studies on the molecular characteristics of the PAPase are required for relation between processing after translation and physiological function of the enzyme in plant tissues.
